Simultaneous photometry and time-resolved spectra of the dMe flare star AD Leo has been used to deduce flare temperatures, electron densities, and dimensions. Photometric results for two qualitatively different flares yield estimates of the differences in physical properties between these flares. Flares on AD Leo are hotter and denser than their solar counterparts, and spike-like flares occupy smaller volumes than longer-lived flares. An upper limit to the flare X-ray luminosity is set at L* < 4 x 10 28 ergs s -1 .
I. INTRODUCTION
As discussed by Gershberg (1975) and by Linsky (1977) , there is considerable evidence that the chromospheric aspects of flares in UV Ceti-type stars are similar to solar flares. Mullan (1976a) has proposed stellar-flare models based on the solar-flare studies of Shmeleva and Syrovatskii (1973) and Moore and Datlowe (1975) . These models consider only the thermal processes of conduction and conversion of flare X-radiation to optical radiation to produce the salient features of flare photometry during the phase of plasma cooling. The gross features and variety of flare light curves are successfully reproduced by Mullan's work.
In our study we use Mullan's models to estimate physical conditions in two flares observed on AD Leonis. Using our simultaneous photometry and time-resolved spectra of AD Leo, we match both the shape of the photometric light curve and the radiative power as seen in emission line strengths during the flare decay. Photometry of the two flares yields an estimate of the physical differences between these two very different flares occurring on the same star. Spectroscopic observations give the behavior of the flare-star emission lines during flare activity. 
II. OBSERVATIONS
The KPNO No. 2 90 cm telescope and 3 channel photometer were used to obtain simultaneous photometry in the Ha, U 9 and B bands with 5 s integrations. We used an Ha filter with a FWHM of 100 Â centered at À6563 and standard U and B filters. Standard stars were observed periodically, and the resulting data reduced differentially. The standard error of an individual observation in the U band is 0.04 mag. AD Leo was observed from UT 4:20 through UT 9:59 on 1977 March 30. Two flare events were detected with maximum U band emission occurring at UT 4:29.1 and UT 9:53.6. Schneeberger et al. (1978) have given a preliminary account of these flare events.
Simultaneous with the photometry, we obtained time-trailed spectra of AD Leo using the KPNO 4 m telescope and echelle spectrograph with Singer camera. A spectral resolution of 0.22 Â, spectral range of 5300-7300 Â, and a temporal resolution of 2 min were obtained with baked III a-J plates. These spectra were digitized and the data converted to intensities with the aid of spot sensitometer plates. A more complete description of the spectroscopic data acquisition and reduction is given by Giampapa et al. (1978a . We report here on the spectra obtained during the UT 9:53.6 flare. Emission-line maximum occurred at UT 9:54:50. The profile obtained at UT 9:50:50 indicates preflare intensity. The average preflare surface flux at line center is 7.6 x 10" 5 ergs cm -2 s _1 Â. The preflare line center intensity is four times the adjacent continuum intensity.
Peterson 1976). We searched for a broad component of Ha during the flare by computing the ratio of the average spectrum outside of the flare to individual spectra during the flare, but found no broad component to a 3 a level of 13%, of the Ha integrated flux.
The He i À5876 line also brightened by a factor of 1.4 during the flare as shown in Figure 4 . The FWHM of the A5876 transition is 0.6 Â ± 0.1 Â (S.E.) with no variation detected during the flare. An upper limit of 1.3 is set on the brightening of the He i singlet line at A6678, which has a FWHM of 0.5 Â. We searched for the He n lines at 5411, 6560, 6683, 6890, 7177, and 7592 Â in the flare spectra but found none at a 3 a where / 0 is the quiescent stellar luminosity and t is equivalent width of 200 mÂ.
time.
IV. FLARE LUMINOSITIES V. MODELS
In order to compare our observations to the flare model described by Mullan (1976a) , which has had some success in modeling both X-ray and white-light luminosities of stellar flares (see Karpen et al 1977) , we converted our photometry to L^, the white-light flare luminosity. Assuming the quiescent colors of AD Leo from Moffett (1974) and the distance and absolute magnitudes from Kunkel (1975) , we derive a quiescent stellar U band luminosity L u * of 1.1 x 10 30 ergs s -1 . The maximum U band luminosity observed during the UT 9:53 flare, L u * +f , would then be 1.5 x 10 30 ergss _1 if the flare covered the whole stellar surface. We estimate the approximate U band luminosity of the flare alone, L Uf , by
where the factor of 2 takes into account our assumption that the observed flare emission occurs only in the hemisphere facing the observer. The white-light flare luminosity is then determined from the relation L w ^ 2AL U (Lacy, Moffett, and Evans 1976) , giving L w = 5 x lO^ergss -1 peak luminosity. We summarize in Table 1 We have modeled the two observed flares using Mullan's (1976a) models which give flare light curves based on conductive and radiative cooling of a sphere of material which is allowed to expand in a vacuum. The initial heating is not specified, and the plasma starts out at flarelike temperatures. Following Mullan and Tarter (1976) we set the percent of X-ray luminosity from the flare that is converted to optical radiation at 10%, or <f> = 0.1. The models then require an initial flare radius, temperature, and electron density.
The ratio of stellar to solar radius was used to scale the initial flare radii with respect to typical solar flare radii. Radii in the range R/R s = 0.4 through 0.6 were tested, where R s is the solar flare radius from Moore and Datlowe (1975) . We considered temperatures of 0.5-5 times typical solar flare temperatures and electron densities from 1 to 200 times solar flare values. Quantities with an s subscript refer to the mean solar flare values of Moore and Datlowe (1975) : R s = 3.2 x 10 9 cm, T = 1.3 x 10 7 K, and N s = 7 x 10 10 cm -3 . The filled circles in Figure 5 show the UT 9:53.6 flare observations, converted to white-light flare luminosities and smoothed by eye fit. Also shown is our best-fit flare model, with parameters T[T S = 1.5, NIN S = 10, and RfR s = 0.6. The fit is poor in the latter parts of flare decay, as is expected, since the model assumes that the flare plasma continues to expand into a vacuum whereas the actual flare expansion must be slowed as the flare plasma expands into the lower stellar chromosphere. We have considered a wide range of flare parameters and conclude that given the theoretical framework the uncertainties in our derived parameters are about ±30%. The effect of uncertainties in the <f> factor on our derived parameters must be small since the conductive cooling processes dominate at these low densities and high temperatures. Figure 6 shows the results for the UT 4:29 flare. This flare had nearly the same peak luminosity as the UT 9:53.6 flare, but decayed more quickly. We find that this flare requires a smaller initial radius, higher temperature, and significantly lower density (R¡R S = 0.5, T/Ts = 2.00, N/Ns = 1) to fit the photometry.
VI. DISCUSSION
Within the accuracy of our data and theoretical approach, we find close agreement between observation and Mullan's models. The results indicate that flares on AD Leo are hotter and denser than their solar counterparts. Spikelike flares occur in smaller, less dense, but hotter regions than flares which extend for more than 100 s. These results extend Mullan's (1976a) work on UV Ceti (RIR S = 0.18) to stars of larger radii.
The maximum in observed emission-line intensity is in quantitative agreement with the results of Mullan and Tarter (1976) . The conversion of X-ray to optical radiation is enhanced during flare decay, and the emission lines due to this conversion are strengthened.
We can set an upper limit on the expected X-ray flux from the observed flares using Mullan's (1976è) results, and find that < 4 x 10 28 ergss _:L , less than the detection ability of the Karpen et al. (1977) equipment.
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